Summary. In 307 patients with diabetes mellitus, developed prior to 1933 and before age 31 it was demonstrated that: (1) frequent contact with a specialized diabetes clinic from an early stage of the disease; (2) a good quality of "metabolic control"; (3) a low insulin dose; (4) a body weight of 10% less than ideal; and (5) a mean blood pressure below 100 mm Hg, all had significantly beneficial effects upon the survival. It was also found that patients domiciled in Copenhagen had a significantly better prognosis than patients domiciled outside Copenhagen. Frequent contact with a diabetes centre was accompanied by an appreciable decrease in disabling late diabetic complications.
Juvenile diabetes (defined here as insulin-dependent diabetes diagnosed before the age of 31) is a serious disease involving a considerable excess mortality despite insulin therapy, dietary restrictions, guidance, and supervision [1] . As shown in the previous paper [1] the excess mortality is due to the development of nephropathy and cardiovascular complications. In order to elucidate indirectly the claim of a causal relationship between metabolic control and prognosis [2] , we have investigated the importance of contact with a specialized diabetes unit to survival in juvenile diabetes, assuming that frequent and longlasting contact between the diabetic patient and a diabetes centre might influence the quality of metabolic control and thus the prognosis. In addition, we tried to elucidate directly the prognostic importance of the quality of metabolic control, the magnitude of the insulin dose (as an indirect mean of calculating the degree of B-cell insufficiency), per cent of ideal body weight, blood pressure, and early institution of insulin therapy.
Material
The material comprises 307 consecutive diabetics whose diabetes had been diagnosed prior to 1933 and before the patients were 31 years of age. The material was described in the previous paper [1 ] .
Me~od
The patient's survival was assessed on the basis of two parameters: [1] Duration of diabetes and [2] relative survival, i.e. survival in relation to the general population of the same age and sex. The calculation was based upon the mortality rates per thousand for the comparable total population of Denmark given in the Danish Year Books of Statistics (Statisrisk Aarbog).
The prognostic importance of contact between the patient and the specialist unit was studied [1] by comparing the survival of diabetics who had a varying frequency of contact with the Steno Memorial Hospital during the first twenty years of diabetes, [2] by comparing the influence of domicile upon the survival of diabetics referred to the Steno Memorial Hospital within their first fifteen years of disease and [3] by comparing the survival in diabetics who had been referred to the Steno Memorial Hospital after a diabetes duration of 0-15, 16-25, and more than 25 years.
[1] and [2] : All the patients had been admitted to the Steno Memorial Hospital within the first 15 years 0012-186X/78/0014/0371/$01.40 of their diabetes (n = 180). One group (n = 42) did not have further contact with the Hospital after the first admission. The second group (n = 83) had sporadic contact, and the third group (n = 55) had close contact with the Hospital. Close contact was taken to mean that the patient had been admitted 5 or more times and/or seen more than twenty times in the Out-patient Clinic in the course of the first twenty diabetes years. Sporadic contact was taken to mean that the patient had been admitted 2-5 times and/or seen 1-20 times in the Out-patient Clinic within the first twenty diabetes years.
Domicile was divided into Greater Copenhagen, urban areas outside Copenhagen and rural districts.
We tried to elucidate the prognostic influence of the quality of control by comparing the survival in groups of patients in whom this quality differed. Two hundred and fourteen patients had been seen so many times that a reasonable assessment of the mean quality of control was possible. The quality of control was assessed blind from records of the out-patient post-prandial concentration of blood glucose in the forenoon, variations in the blood glucose concentration during admissions, 24-hour urinary glucose excretion at the out-patient visits and during admissions, the occurrence of acetone in the 24-hour urine, and the frequency of ketoacidosis.
The total estimate was quantitated into 3 degrees: 1. Always relatively well-controlled, i.e. never ketoacidosis, never acetonuria, rarely (less than 10% of the measurements) glucosuria, post-prandial blood sugar fairly stable and rarely (less than 10% of the measurements) > 250 mg/100 ml (Hagedorn, Norman-Jensen) (n = 24).
2. Ketoacidosis occurred at times (L 3 times), nearly constant glucosuria, rarely acetonuria, post prandial blood sugar fluctuating and not infrequently > 250 mg/100 ml (n = 174).
3. Ketoacidosis more than 3 times, acetonuria in more than 10% of measurements, nearly always marked glucosuria (> 100 g/day), and blood sugar greatly fluctuating and often (more than 50% of the measurements) > 250 mg/100 ml (n = 16).
Since we endeavoured to use the 24 h dose of insulin as an indirect and rough mean of calculating the degree of B-cell insufficiency other factors which might influence the daily insulin requirement were reduced as far as possible. Therefore, 24-hours insulin requirement/kg bodyweight only was registered in patients who fulfilled the following conditions:
Age > 18 years non obese Serum creatinine: (method of Jaffr) below 1.4 mg/100 ml or blood urea (method of van Slyke) < 45 mg/100 ml The period between 1950 and 1965 was chosen in order to reduce the influence of insulin antibodies and glucagon contamination of the insulin preparations as far as possible. Before 1950 impure amorphous protamine insulin preparations were used which contained small amounts of glucagon, and before 1950 insulin resistance (more than 100 I.U. daily) was seen at Steno Memorial Hospital occasionally. Since 1950 Danish NPH-insulin has been used in nearly all patients, which means rather highly purified, glucagon free, 85% porcine-15% bovine insulin, and since 1949 no case of insulin resistance has been seen at the Hospital. After 1965 we gradually changed to the use of pure porcine NPH-insulin, a change which influenced the formation of insulin antibodies and thereby the daily dose [3] . The insulin requirements of the last day of hospitalization was recorded, when the patient was on proper diet, without Somogyi-phenomenon and with physical activity imitating the usual habits.
Body weight was ascertained at all visits to the Steno Memorial Hospital. The mean of all values measured in the same patient while adult was expressed as the percentage of the ideal weight according to the tables of Natvig [4] . This calculation could be performed for two hundred and eighty-three patients. In the others it could not be carried out, either because they were children who had not been followed in the Steno Memorial Hospital after they grew up or because no measurement of height was available. Twentyfive patients were overweight (weight ~ 115% of ideal weight), and thirtysix patients were underweight (weight < 85% of the ideal weight).
Body height was measured in more than 95% of the patients. Patients in whom the diabetes began before the age of fifteen and whose final height as adults was less than 93 % of the mean height for adult men and women were designated as growthretarded. The mean final body height was calculated on the basis of repeated measurements over a number of years after the age of 20.
Systolic and diastolic blood pressure was measured with a sphygmomanometer and expressed as the mean blood pressure (diastolic pressure + one-third of the difference between diastolic and systolic pressure). The blood pressure was determined repeatedly over a number of years in nearly all adults. Blood pressure values were used only for patients who did not have proteinuria.
Only 55% of the patients had been started on insulin therapy at the time of diagnosis, but 95% were on insulin 5 years after diagnosis. In order to ascertain whether the treatment period without insulin at the beginning of the disease was of prognostic importance, a comparison was made of survival in patients whose insulin therapy had been started at diagnosis, in those in whom it was started within 2 years, and in those in whom it was started 3 or more years after diagnosis.
The definition of complications as blindness, proteinuria, uraemia, amputation, cerebral vascular insufficiency, myocardial infarction has been given. previously [1] .
In describing survival we have used decrement analyses [5] and for comparing the two decrement curves Gehan's Wilcoxon test [6, 7] . These methods were used in a modification which pays regard to the full survival being unknown for part of the population and for entrance to the study being later than at the beginning of the studied lifetime [7] .
Co-variation analyses were by the Spearman rank correlation, using the t-test, chi-square test, and Kruskal-Wallis test.
Results
Figure 1 a and b illustrates the importance of contact between juvenile diabetics and a diabetes centre. Thus patients having frequent contact with the Steno Memorial Hospital during their first 20 years of diabetes had a significantly better prognosis than patients who had only sporadic or no contact after their first admission. The patients who were admitted to the Hospital after the first fifteen years of diabetes had a significantly shorter survival than any of the other groups ( p < 0.0001). There was also earlier and more frequent occurrence of serious late diabetic manifestations in patients having only sporadic con- (Fig. l b) . If the patients are grouped by quality of metabolic control, relative survival was significantly better in the relatively well-controlled patients than in moderately or poorly controlled ones (Fig. 3) with the well-controlled group not differing significantly from the general population.
The same applied to patients treated with low doses of insulin, between 0.31 and 0.50 units/kg body weight (Table 3 ). Only seven patients had a daily dose below 0.3 units/kg body weight. Two of these patients could not be followed. Therefore, a statistical assessment of this group was omitted.
From Figure 4 it is apparent that patients with ideal body weight between 85 and 105% had a better relative survival than other patients. However, patients with markedly lowered ideal body weight had a much poorer survival. Figure 5 indicates that patients whose mean blood pressure exceeded 100 mm Hg fared worse than those with a lower mean blood pressure, even though the blood pressure measured in patients with diabetic nephropathy was not included in the calculation. Patients whose blood pressure is not listed (because of existing nephropathy or because it had not been measured) had a significantly poorer relative survival than the other 2 groups (p < 0.0005). Of the one hundred and nineteen children who developed diabetes before the age of fifteen years, 16% were growth-retarded. However, there was no difference in survival between growth-retarded and non-growth-retarded diabetics (p = 0.53). Statistical analysis of the total material showed a relationship between height and age at onset of diabetes, patients developing diabetes prior to the age of fifteen attaining a significantly lower final height than patients whose disease developed later.
The duration of the insulin-free period (number of years between diagnosis and institution of insulin therapy) was of no importance to survival in the present study (p = 0.3).
Discussion
The study revealed that patients having frequent contact with the Steno Memorial Hospital fared better than those having only sporadic or no contact with the Hospital after their first admission.
The explanation for this difference lies probably not in a selection of patients because of early death, since there was still a significantly better survival among patients in frequent contact with the Steno Memorial Hospital, even when patients who died within the first fifteen years of diabetes were excluded from the groups (the first contact with the Steno Memorial Hospital was an average of 7.5 years after the onset of diabetes).
Analysis of the 3 groups of patients (frequent contact, sporadic contact, and no contact during the first twenty years of diabetes) showed that the groups were comparable as regards age, sex, onset of diabetes, retardation of growth, insulin-free years, blood pressure, dose of insulin per kg body weight, and quality of control. On the other hand, there were significantly fewer deviations from the optimal body weight (85-105% of the ideal weight) ( p < 0.05), a significantly larger number of Copenhagen residents ( p < 0.0001), and a significantly shorter duration between diagnosis and first admission to the Steno Memorial Hospital (viz. 6.4, 8.0, and 9.1 years) (p = 0.0025) in the group of patients who had kept up a frequent contact with the Steno Memorial Hospital. This is hardly surprising, as the Steno Memorial Hospital is situated in Copenhagen and has always tried to keep body weight of diabetic patients 10% below the ideal weight.
Patients domiciled in Copenhagen proved to have a better prognosis than patients domiciled in other parts of Denmark. Since the Copenhagen non-diabetic population has a poorer survival than the rural Danish population [8] , the explanation of the significantly better relative survival of juvenile diabetics domiciled in Copenhagen must be presumed to be that diabetics in Copenhagen have better access to diabetes therapy and supervision than patients domiciled in other parts of the country. Dietary supervision may also have been better.
The explanation of the excess mortality among patients having only sporadic contact with the Steno Memorial Hospital is primarily an earlier and more common occurrence of uraemia (Table 1) . Blindness and stroke are also more common in the sporadically supervised group of diabetics. This difference is increased when considering that patients seen frequently showed a considerably longer duration of diabetes than did the other groups. The values found for myocardial infarction carry a marked uncertainty, as it was not possible to analyse accurately in retrospect silent infarcts or infarcts which were not followed by angina pectoris or cardiac failure. The values in the group of patients who did not attend again during the first twenty years of their diabetes (no supervision) are even more uncertain, as the group is small and information concerning complications deficient in 20%.
It is not possible to prove that patients having frequent contact with the Steno Memorial Hospital during their first twenty years of diabetes had a better quality of metabolic control than patients seen rarely. However, it must be assumed that patients who frequently attend the Out-patients' Clinic acquire a more intimate knowledge of their disease than do others and that in such cases it is possible to avoid lengthy periods of poor regulation giving rise to few symptoms. In the present study a rough estimate of the quality of control was made without knowing the patients' prognosis. Although this method of assessing control is questionable twenty-four out of two hundred and twelve patients appeared to be relatively well-controlled. However, it is uncertain whether the relatively good control in these few cases was a 'result of the efforts made by the patients and doctors, or due to another type of diabetes, e.g. a type with a preserved, though slight endogenous insulin production. At least, there was a significant correlation between the insulin dose/kg body weight and the quality of control (p < 0.01). As a low dose of insulin may reflect preserved endogenous insulin production [9] , and as preserved endogenous insulin production in most cases greatly facilitates the control [10] , the correlation may be due to this cause. The correlation between insulin dose/kg body weight and control quality is presumably also the explanation of the better prognosis in patients receiving a low dose of insulin (Table 3) . Goodkin [11] also found patients treated with low doses of insulin to have a better prognosis than patients treated with high doses. However, Goodkin's material was not representative of juvenile diabetes. The explanation of a better relative survival among patients having a body weight 85-105% of the ideal, compared with patients of lower or higher body weight, is not clear. However, it cannot be ruled out that patients who kept their weight at the lower end of normal obtained this by a more ascetic w~/y of living which has benefited their diabetes control. The group of patients whose body weight was more than 105% of the ideal weight is, of course, loaded by the twentyfive patients whose body weight exceeded 115% of the ideal weight.
Hypertension is well-known as a risk factor. Goodkin [11] also demons~trated that hypertension aggravates the prognosis in diabetics, but in his study patients with nephropathy had not been excluded. Essential hypertension without proteinuria was rare in the juvenile diabetics. Only seven out of two hundred and twenty-seven (3%) had a mean blood pressure of -~ 115 mm Hg. This is in contrast to the common occurrence of hypertension in patients with maturity-onset diabetes.
That patients developing diabetes before the age of fifteen grow less than non-diabetics or diabetics who develop their disease after the age of fifteen is well-known [12] , and also confirmed in the present study.
In conclusion it seems advisable to motivate juvenile diabetics for regular visits at a specialized diabetes clinic from the onset of the disease, to keep body weight and blood pressure within normal limits and to achieve metabolic regulation as good as possible.
